Introduction
Aromatase inhibitors (AIs) and tamoxifen (TAM) are the primary adjuvant hormonal therapies for women diagnosed with early-stage, hormone-receptor (HR)-positive breast cancer. TAM is a selective estrogen receptor modulator used in pre-or post-menopausal women, whereas AIs interfere with the body's ability to produce estrogen by suppressing aromatase enzyme activity and is effective in postmenopausal women [1] . Both therapies have been shown to be associated with improved disease-free and recurrencefree survival in women with HR-positive breast cancer [2] [3] [4] .
Once patients initiate one hormonal therapy (HT), a proportion of women will switch to the other therapy during their treatment period. Reasons for the switch can include planned switching after completion of the initial regimen (2-3 or 5 years of TAM followed by extended AI therapy), and unplanned switching due to adverse events associated with the initial therapy, or cancer recurrence. While research on adherence or early discontinuation of HT and outcomes in breast cancer patients has been prominent [5] [6] [7] , there is a paucity of information describing the subgroup of patients who switch from one therapy to another and reasons why they do so. To the best of our knowledge, only one study to date has examined HT drug switching
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To help fill this research gap, we describe HT switching from AI to TAM or TAM to AI, and subsequent continuation and discontinuation of treatment, in one of the largest U.S. cohorts of 3,265 breast cancer patients diagnosed from 2006 to 2013. We also examine reasons associated with the medication switch.
Materials and methods

Study population
The Pathways Study is a prospective study of 4,505 women with newly diagnosed invasive breast cancer who are members of Kaiser Permanente Northern California (KPNC), a large, integrated health care delivery system covering the San Francisco-Oakland Bay Area, Sacramento, and surrounding counties in CA. Recruitment was from January 2006 to April 2013 through rapid case ascertainment procedures designed to enroll women prior to initiation of chemotherapy, as described elsewhere [9] . Eligibility criteria included KPNC female members at least 21 years of age; who had no previous history of malignancy other than non-melanoma skin cancer; who spoke English, Spanish, Cantonese, or Mandarin; and who resided within a 65-mile radius of a field interviewer. The mean time from diagnosis to enrollment was 2.0 (±0.7) months.
For this bone health sub-study, women were included if they had stage I-III disease and at least one HT prescription of an AI or TAM that was indicated for treatment of their first primary breast cancer based on patients' outpatient pharmacy records. The final study population consisted of 3,265 eligible women. Based on complete HT prescription data through 31 December 2014, 2,122 (65%) were initial AI users, and 1,143 (35%) were initial TAM users.
Self-reported participant information
The baseline interview was conducted at enrollment into the cohort approximately 2-month post-diagnosis, and included interviewer and self-administered questionnaires on sociodemographics, lifestyle factors, established breast cancer risk factors, and health history.
Pharmacy data
Prescription drug data for nearly 100% of KPNC enrollees are recorded in the KPNC pharmacy database, including drug name, National Drug Code, dosage and therapeutic class; prescription dates and cost; dispensing and refills; and prescribing physician, thus minimizing recall bias [10] . The pharmacy database was accessed to identify any outpatient prescriptions of AIs (anastrozole, letrozole, and exemestane) and TAM after breast cancer diagnosis, as of 31 December 2014. An AI switcher was defined as a woman whose first prescription was for an AI and a subsequent prescription was for TAM, whereas a TAM switcher was defined as a woman whose first prescription was TAM and a subsequent prescription was for an AI. The dispensing date of the new prescription was considered the date of the switch. Discontinuation of HT was defined as no refills before the end of the expected treatment course from analysis of pharmacy data and confirmation by chart review.
Reasons for hormonal therapy switching
From the oncology notes in the electronic medical record (EMR), a trained medical record reviewer abstracted reasons for HT switching among the AI switchers and TAM switchers. She recorded primary and secondary reasons for the initial switch as noted by the oncologist, dates and reasons of any subsequent switches, and information on whether or not patients completed their last treatment as planned, or were still continuing as of last record in the EMR. The reasons were reviewed by J.M.R. and M.L.K., and classified into larger categories for switching such as side effects, menopausal status change, and completed treatment as planned.
Statistical analysis
Descriptive frequencies and Chi-square tests were calculated for the AI and TAM switcher groups, as well as the comparison groups of AI only and TAM only. Reasons for switching were enumerated. Statistical analyses were done using SAS 9.3 (Cary, NC).
Results
Among 2,122 breast cancer patients who started on AI therapy, 290 (13.7%) switched to TAM (i.e., AI switchers) with a mean time between last fill of old drug and first fill of new drug of 120 days (SD = 196). Among 1,143 patients who started on TAM therapy, 446 women (39.0%) switched to AI (i.e., TAM switchers) with a mean time of 124 days (SD = 180). The remaining women took AI only (n = 1,832, 86.3%) or TAM only (n = 697, 61.0%) during the study period. Within the first year of treatment start, 44.8% of the AI to TAM switching occurred compared to 26.9% of the TAM to AI switching. Among the AI switchers, 136 (46.9%) women continued with the new therapy after the initial switch from AI to TAM, which included 70 women (24.1%) finishing their TAM as planned and 66 (22.8%) still taking it at the time of the chart review. 70 women (24.1%) switched back to AI and 69 women (23.8%) completely discontinued HT prior to completion of therapy as planned. Similarly, among the TAM switchers, 260 (58.3%) women continued with the new therapy after the initial switch from TAM to AI, which included 128 women (28.7%) finishing their AI as planned and 132 (29.6%) still taking it. 61 women (13.7%) switched back to TAM and 99 women (22.2%) completely discontinued HT prior to completion of therapy as planned.
Comparison of characteristics among the AI and TAM users and their respective switchers are shown in Table 1 . Because AI is primarily indicated for postmenopausal breast cancer, there were expected differences in age at diagnosis and baseline menopausal status between patients initially treated with AI and with TAM. The mean age at breast cancer diagnosis among AI switchers was lower than the AI only group (62.4 vs. 64.1 years), whereas the mean age among TAM switchers was higher than the TAM only group (51.5 vs. 49.1 years). Of note, from our chart review, the premenopausal women who were initially prescribed an AI (n = 141) had peri-menopausal symptoms at the start of treatment and then some later resumed menses.
There was a higher proportion of White women in the TAM switcher group (64.1%) compared with the TAM only group (50.5%), whereas there were no substantial differences in race between the AI only and AI switcher groups. The mean BMI at baseline was slightly lower in the AI switcher than AI only group (28.2 vs. 29.1 kg/m 2 ), but there was no difference between the TAM switcher and TAM-only group. Both switcher groups were more likely to be diagnosed with stage II or III disease compared with the non-switcher groups. There were no significant differences between the switcher and non-switcher groups by education, household income, or previous history of fracture.
The reasons for hormonal therapy switching are shown in Fig. 1 . Among AI switchers, side effects from AI was the primary reason for switching to TAM (top panel, n = 211, 72.8%), primarily joint pain/arthralgia (28.3%), bone health-related side effects (15.5%), and muscle ache/ myalgia (6.2%). Other common reasons for switching included cost/insurance coverage (6.9%), and recurrence after initial treatment (6.6%). For those who switched due to cost/insurance coverage, the reason for the switch was recorded as "too expensive," and it appears that the switch occurred prior to AI medications becoming generic in June 2010 and subsequently being covered with lower copayment under the KPNC formulary (https:// www.fda.gov/Drugs/DevelopmentApprovalProcess/ HowDrugsareDevelopedandApproved/DrugandBiologicApprovalReports/ANDAGenericDrugApprovals/ ucm218923.htm).
Among TAM switchers, the most common reason for switching from TAM to AI was menopausal status change (bottom panel, n = 189, 42.4%), as therapy-induced or natural amenorrhea made AI appropriate for them. Other common reasons included side effects (22.0%), completed TAM treatment as planned with continued AI treatment (16.4%), and cancer recurrence (6.3%).
We further identified reasons for switching back from TAM to AI or AI to TAM, or completely stopping HT prior to completion of therapy as planned (data not shown). AI switchers and TAM switchers most commonly switched back to AI or TAM, respectively, due to treatment-related side effects. Other reasons for switching back included disease progression (14.3% for AI switchers) and menopausal status change (16.4% for TAM switchers). Among the 69 AI switchers who completely discontinued HT, the most common reason was side effects (44.9%), whereas among the 99 TAM switchers who completely discontinued HT, it was a mixture of disease progression (23.2%) and side effects (21.2%).
Discussion
In a contemporary cohort of 3,265 breast cancer patients taking HT, 736 (22.5%) patients switched between classes of therapy. About 45% switched from AI to TAM and 27% switched from TAM to AI within the first year of treatment. Side effects was the most common reason for switching from AI to TAM (72.8%), with joint pain/arthralgia and bone health-related issues being the most prevalent side effects, whereas menopausal status change was the most common reason for switching from TAM to AI (42.4%).
To date, only one study has examined reasons for switching hormonal therapies using data from 400 postmenopausal breast cancer patients in Switzerland who initiated HT from 1998 to 2008 and reported how often the women had adverse side effects [8] . They further evaluated how many patients discontinued their treatment due to side effects. Among the 400 patients, 66.3% initiated TAM and 29.5% initiated AI, and 74.8% completed their initial therapy. Out of the 400 women who started HT, 37 (9.3%) completely discontinued their initiated therapy; out of these, 24 (64.9%) were due to therapy-related side effects, and 13 (35.1%) due to other reasons. In our study with over 8-times the study population of women on HT from 2005 to 2014, we had opposite trends of 35% initiating TAM and 65% initiating AI, and 5.1% completely discontinuing their initial therapy. These different proportions in initial treatment are most likely due to a combination of temporal trends in clinical care of AIs becoming first-line adjuvant therapy with superior outcomes in postmenopausal women, and the Swiss study only including postmenopausal patients.
A recent study reported that switching therapy from TAM to AI or AI to TAM during the first year of hormonal therapy was associated with increased risk of discontinuation during the next 4 years (HR, 1.50; 95% CI, 1.23 to 1.83) [11] . In our study, among those who had switched from AI to TAM or TAM to AI, 23.8 and 22.2%, respectively, completely discontinued hormonal therapy. The majority of this former group of discontinuers who switched from AI to TAM switched therapies during the first 2 years of hormonal therapy (40.6 and 31.9%, respectively). The majority of the latter group of discontinuers who switched from TAM to AI switched during the first 3 years of hormonal therapy (21.2, 32.3, and 20.2, respectively). These proportions also suggest that switching therapies earlier, as opposed to later, relative to start of therapy could be associated with discontinuation. Fig. 1 Strengths of our study include a contemporary cohort of breast cancer patients diagnosed from 2006 to 2013 and treated within an integrated health care system, longterm mean follow-up from cancer diagnosis of 6.6 years and from HT initiation of 6.2 years, reliance on pharmacy data to more accurately capture medication use by patients, and detailed information from chart review on reason for switching hormonal therapies and subsequent continuation or completion of treatment. Future analyses will focus on calculating measures of adherence and discontinuation using our pharmacy data, determining predictors of these measures, and examining their associations with breast cancer outcomes such as recurrence and survival in this cohort.
In conclusion, adherence to HT is important to help ensure the best outcomes in eligible breast cancer patients. However, we found that therapy-related side effects was the dominant cause for patients to switch from AI to TAM, and also the second most common cause for patients to switch from TAM to AI. It is also the most common reason for AI switchers to completely discontinue HT after switching. These findings highlight the need for better ways to control patient symptoms from HT to prevent discontinuation to the current medication, and ultimately the best prognosis.
